Abstract. Nowadays most setups of Tip-enhanced Raman Spectroscopy use the commercial Scanning Probe Microscope that is not designed for TERS, which results in narrow operation space, small scanning scope, etc. In this paper, a scanning stage system for TERS is designed. The system is driven by piezoelectric ceramic and uses capacitive sensor as the feedback of displacement to compensate the hysteresis and creep effect of piezoelectric ceramics. This paper introduces the mechanical structure of the system and the principle of the signal processing circuit of the capacitive sensor. The mechanical structure is simulated and the capacitive sensor is calibrated. The experimental results indicated that the system can realize the scanning scope of 20μm, and the capacitance sensor has high precision and good repeatability.
Introduction

Tip-Enhanced Raman Spectroscopy (TERS) is a technique that combines the Scanning Probe
Microscope (SPM) with Raman spectrometer to characterize the surface nanoscale morphology of the sample and measure the Raman spectra of samples. It has been rapidly developed and widely used since 2000 because of its ability to realize structural information of non-destructive testing substances in situ at the single molecule level [1, 2] .
As the core component of TERS, scanning stage directly determines the system detection effect. At present, the scanning stage is mainly driven by piezoelectric ceramics, because the piezoelectric ceramic has small volume, large output power, high frequency response, no heat and other advantages [3] . So it is the ideal driving device of micro positioning system. But the disadvantages of piezoelectric ceramics such as hysteresis and creep cause a serious impact on the positioning accuracy [4] . At present, there are two methods to overcome the disadvantages of hysteresis and creep of piezoelectric ceramics: open-loop control by feed-forward nonlinear hysteresis model method and closed-loop control by displacement feedback-based method [4] . In this paper, a selfdesigned capacitance sensor is used as displacement feedback to realize closed-loop control, which can not only improve the precision and reduce the cost, but also avoid the defects of open-loop control such as complex model and high computational cost.
In order to solve the problems in the current SPM such as small operating space and narrow scanning range used in TERS, a large space is reserved in the mechanical design, so it is convenient to link it with objective lens in Raman spectrometer.
System Design
Mechanical Structural Design
The design of the scanning stage is shown in Figure I . The system is composed of two piezoelectric ceramics, two capacitance sensors, main scanning unit and three stanchions. Two piezoelectric ceramics are installed in orthogonality. We use voltage to control its stretching, which can control the tip to scan in the horizontal plane. The displacement data of the tip is picked up by two capacitance sensors. The tip is mounted close to the edge. We reserved a large operating space around the tip for the Raman spectrometer instrument, so the objective lens could be set close to the tip and the sample. Invar(4J32) is used as the main material of the system, because of its small expansion coefficient, low strength and low toughness [5] , which can reduce the influence of environment on the positioning accuracy of scanning stage. The size of the scanning stage is 125mm×160mm×16mm, and the scanning stage is processed by machining and wire cutting. PSt 100/3.5x3.5/20 low-voltage stacked piezoelectric ceramics with the maximum output force of 800N and the maximum displacement of 20μm produced by Harbin Core Tomorrow Science & Technology Co., Ltd. are used for the scanning stage system.
Capacitance Sensor Design
The capacitance sensor is used to measure the displacement of tip, and the precision of it determine the precision of system. The design of capacitance sensor is shown in Figure II . In this paper, we use the differential capacitance sensor as displacement sensor, because compared with the singlepole capacitance sensor, the differential capacitance sensor not only has the advantages of high sensitivity, small linear error, etc., but also can reduce the environmental impact on the sensor [6] . The capacitance sensor is composed of two drive signal boards and a signal output board. The drive signal board is fixed on the drive signal fixing block which is fixed on the scanning stage. The displacement signal is given by the signal output board, and transferred to the signal processing circuit. The principle of signal processing circuit is shown in Figure III . The capacitive sensor needs to be driven by an AC voltage because it is a passive device and isolates the DC signal [7] . In this paper, sinusoidal signal at a rate of 10 kHz is used as the drive signal. The displacement is superimposed on the sinusoidal signal by a DC signal. After the filtering, rectification and other processing, a stable DC voltage signal is obtained from signal processing circuit. 
Simulation and Experiment
The mechanical structure features of the system can be simulated by the simulation plug-in of SolidWorks. At the same time, the capacitive sensor can be calibrated by the self-built experimental platform and its performance parameters can be obtained.
Simulation Result
The simulation results using SolidWorks to the scanning stage is shown in Figure VI We can get the information from the figure that under the action of 800N, the displacement in X and Y directions are greater than 20μm and the stress is less than the yield strength of Invar. Therefore, under the action of the piezoelectric ceramics with the stroke of 20μm and the maximum output force of 800N, a scanning range of 20μm×20μm can be realized.
Experiment Result
Self-built test platform is shown in Figure V . In this experiment, P-216.9S of Physik Instrumente Co., Ltd. is used as the actuator. It has a displacement sensor with a measuring range of 0 ~ 180μm and a resolution of 2nm. It can be used as the standard displacement in the experiment. The actuator is controlled by control module E-509.S1 of Physik Instrumente Co., Ltd.. The whole experimental platform is placed on the isolation platform. Power on the system, and preheat for 30 minutes, then carry out the experiment. In this experiment, we can get the relationship of displacement and sensor voltage. The results are shown in Figure VI .
Fitting the data by quadratic polynomials, we can obtain the equation: 
where x is the displacement; forward y is sensor voltage when the displacement go forward; back y is sensor voltage when the displacement go back. The fitting results show that the correlation coefficients are 0.99988 and 0.99993 respectively. So there is a strong correlation between displacement and voltage.
From Figure VI we can also see that the displacement and voltage have obvious hysteresis, and the hysteresis coefficient is about 13%.
The repeatability of the capacitive sensor is measured by the following steps: Power off the system; After 30 minutes, power on again; preheat for 30 minutes; then carry out the experiment again to obtain the comparative data with the first. The experimental results are shown in Figure  VII From the Figure VII , we can see that the relative error of the two measurements is about 3.5%. It means that the results of two experiments are similar, so it's easy to draw the conclusion that test circuit has good repeatability.
Conclusion
In this paper, we designed a scanning stage system for the Tip-enhanced Raman spectroscopy. The system uses self-developed capacitive sensor to realize closed-loop control. In this paper, we use simulation plug-in of SolidWorks to carry out the simulation of the mechanical structure, and perform experiments to test the performance of the displacement sensor. Simulation and experimental results show that the mechanical structure of the scanning stage system can achieve a wide scanning range and the capacitance sensor's repeatability is fine.
